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pests. In the past there have been many failures, 
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trol citrus pests in a satisfactory manner. 

Spraying improves the grades of the fruit and in- 
creases the yield of the trees out of all proportion 
to its cost, if the work is done properly. 
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CITRUS INSECTS AND MITES OF IMPORTANCE. 

MORE than 95 per cent of the total damage caused to citrus 
trees by insects and mites in Florida may be attributed to six 
species. These are, in the order of their destructiveness, the citrus 
white fly (figs. 1, 2, 20),^ the purple scale (fig. 4),^ the rust mite (fig. 

6) ,^ the Florida red scale (figs. 4, 5),^ the cloudy-winged white fly 
(fig. 3),^ and the red spider or six-spotted mite.^ There are several 
other pests of minor importance, such as the woolly white fly (fig. 

7) / the purple mite,^ the chaff scale,^ and the citrus mealybug (fig. 

8) .^® The citrus white fly, the most injurious of pests, now infests 
nearly all the groves of Florida, and the purple scale is found in 
greater or less numbers on every citrus tree. 

LOSSES RESULTING FROM INSECT ATTACK. 

The presence of pests on citrus fruit usually causes blemishes that 
place such fruit in a lower grade. It is generally considered that 
fruit which has been attacked by the rust mite is also one size, or 



^ Dialeurodes citri (Ashmead). 
^ Lepidosaphes heckii (Newman). 
^ Phyllo copies oleivorus (Ashmead). 
^ Chrysomphalus aonidum (Linnaeus). 
^ Dialeurodes citrifoUi (Morgan). 



® Tetranychus sexmaculatus Riley. 

Aleurothrixus howardi (Quaintance) . 
^ Tetranychus citri McGregor. 
^ Parlatoria pergandU Comstock. 
Pseudococcus citri (Risso). 
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;.12^ per cent, smaller tlian it would otherwise he. J^'niil without hlein- 
ishes caused h}' pests j)robahl3' will re a eh the market with less deeay. 
^ The better grades of friut we moit; infifkfcf&iiblG. High-grade fruit 
finds an early and read}' market. Fruit badly attacked by insects 
and niit(*s is n^nallv sold late in the season, after snstainin<r lar<ro 

losst*« fiom dro])])ing and 
inenrring tlu* liability of 
damage from frosts. 

The work of the pests 
devitalizes the trees. Mneh 
of the bearing wood on the 
inside of tJie tree is kiTlcd. 
thus redncing the yield. It 
recjuircs mnch additional 
fertilizer to prodnet n crop 
of frnit when p©sts are 
present. 

METHODS OF CON- 
TROLLING CITRUS 
PESTS IN FLORIDA, 

Florida growers ha.v^ Ht- 
tcmpted to control citrns 
pests by three methods: (1) 
Fnmigjrtion. (2) s|>r«?ifig, 
and (3) enconragcmcnt of 
(Mitomogcnons fungi, that 
iu, those which live npon 
ihsttcts. 

FUMIGATION AND 
SPRAYING. 

Of the two attiJciiJ 
methods of control, spray- 
ing auU fnmigation. spray- 
ing is superior under 
Fh)rida conditions liX pvmmiL J'^nnigation — i^^iMdlcnt as it is under 
weather conditions such as exist in California — is not promising in 
Florida, where the dormant season for citrns trees is too short to 
pfaittit the advantageous use on a large scale of fmnigating outfits. 
There arc also other objections to the general adojjtion of fimiigation 
for the average grove in Florida. On some groves, however, fumi- 
gation " conld be umd snccej^fully. WitJi the rectintly (jrigiu»tiN'l 




l.---A(lnll}< of tlK> citrus wliltc tly cruw<IIiiK 
tln' iiiMlcr Mirfncc of new oninRf Ifjivci?. AcInUs 
It I II Kin* slijyrliily \rt>^ tlinn normal blzt>. (.Morrill 
and Itfigk.) 



" .Morrill. A. W. *' rniiit;:ntloii for the rltnis whila fly. «» Ii4«|)t9<t to Florhln coikU- 
tion«." r. S. Prpt. A^'r.. ISiir. Km. i:nl. 7(i. 
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f^ns-ti^lit tents and li(|nid liydrocynnic acid, fnnii^ation in the fiitnre 
niav 1)0 lii^rldv satisfactory under Florida conditions. 




Vtr.. 2. — rupac an<l piipn onsps of ilie dims wIiUo fly. Tlie 
pupa c«Fos <lo nni colliipso nftor llip ndiilt omorROs, liko 
those of (ho clon<l.v.\vln{ro<l while Hy, hul remain rl.-xld. 
(Mwrrlll mill Buck.) 



KUNGI. 

There are a num- 
h<»r of ftingi tlmt 
kill insects and 
mites in Florida. 
These do an im- 
mense amount of 
^ood and should be 
prfeisent in crery 
grove in the State. 
The most valuable 
of those killing cit- 
rus insects and 
mites are the red- 
hen d<«d and gray- 
headed fnugi that kill the i)urple scale, and the red (fig. 9),'* 
yellow/' brown (fig, 10),*" and white-fringe'' fungi tlnit kill white 
rtie^, a mealybug fungus, and % rust-mite fungus. Under the most 
favorable climatic conditions these fungi Icsup tli« ija^ct^ ajid 
initcs well iu chock. These favorable conditions many times do not 
obtain, and scale insecfs, white flirs, aud rust mites become abundant 

ari3"<?«u*s« much 
damage, often be- 
fore a grower real- 
izes t he situation. 
These fungi are 
act i V e about five 
mooMis durii:ig Uia 
rainy season in 
summer, leaving 
many of the in- 
jurious insects to 
multiply u I icl i ccked 
during the rcmaiu- 
der (»f t he yea r. 
The fungi kill the 
innocts only after the tree has given up iti vitality to furnish 
nourishment for the insects' development. Tn many instances when 
fungi are depended upon as the only method to free trees from 
insect att*ek, the tret»s are left in a wmkw@d condition, ofym w'lih 




Fl«. •Fiiim tsawkM of (h«s cliMlfly-wlllfl^fl whlM fly. 'Vhi'V 
vory filmy. coUnp^G nf(«r Ux? HdnK m*m%*!*t atKl full otifiUy 
from fHiQ Icfif. (Monill Aiid Kuck.) 



^- Sphncroifilhc cocvottJiU't Tul. 

Ophltiuvvtria rorvU uUi K. &. K. 
" .4«f/*«pr«o»'f« shift 0^1 h Wvhlior. 



»* .lj»<7infloii/o flnvo-ri*riu» V. Ul'nii. 
*" .Ir/A'W/rt irchbrri Fiiwcell. 
kticruigpra sp. 
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mudi (lead bearing wood iind spaivic foliage, before the fungi 
succeed in temporarily reducing the insects to a point where little 
damngc follows. 

SPRAYING COMING INTO GREATER FAVOR. 



More than 12 years ago, before the Bureau of Entoniolog}' had 
giTcn out recoiniiiwid^tions ft)r fclie control of white flics and scale 




KiG, 4. — A KHipffinit hoavily infostod with hoth the Florida rod iiiul tiie purple soaies in 
aU slants of dcvrlopincut Note th:it the scaioH form a «curf over the rind. 



insects hy spraying, very little spraying had l)eeu done to control 
these pests. Enthusiastic supporters of control by natnial agencies 
contended that it is more profitable to grow lower grades of fruit 
without treatment than the better grades with treatment. Vet a 
system of spraying for improving grofe conditions has been gradu- 
all}' adopted by men who, oid}*^ a few years ago, depended entirely 
upon fungi as the best all-around means of control. This change 
fiom total deimul^nce upon fungi to spraying with insecticides has 
come partly through the realization that entomogenous fuiigi, ex- 
cellent as the}' are, are not a complete means of insect control, but, 
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riG, S.— Tli^ Florida rctl scale, showing die adult rti^iuale« uud younif »cal*s. 
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should be supplemented by spraying with insecticides. The grow- 
ing use of spray mixtures and the spraying schedule advocated in 
this bulletin has also been an influential factor in bringing about 
this change. Spraying as a method of control has been followed 
successfully in Florida by many who are acknowledged to be suc- 
cessful growers. 

REASONS FOR BAD RESULTS IN THE PAST. 

Spraying, however, taken throughout the citrus area, has not 
yielded satisfactory results, and growers have become discouraged 
for two main reasons: (1) Lack of reasonable thoroughness on the 
part of laborers, and (2) lack of a proper appreciation of the require- 
ments for spraying on the part 
of the grove owner. 

Because success did not fol- 
low a single haphazard applica- 
tion of an ineffective insecticide, 
spraying has been pronounced a 
failure by many. The writer 
has examined leaves from 
sprayed groves and found not 
more than 10 per cent of the in- 
sects killed. He has known per- 
sonally of instances in which 
grove owners have purchased 
reliable and expensive power 
sprayers, only to turn over the 
mixing of the insecticide and 
the spraying of the trees to uninstructed labor. Many fine groves 
have been sprayed by men who did not hit 40 per cent of the insects 
with the spray. One crew operating a power outfit did not hit the 
lower surface of more than one leaf in a thousand. Spraying can not 
succeed under such conditions. 

EQUIPMENT FOR SPRAYING. 

Much dissatisfaction in spraying for the control of pests on citrus 
trees arises from the use of inefficient equipment. The equipment 
for spraying should be adapted to the particular needs of the groAver 
and also to the size of the trees and the nature of the grove to be 
sprayed. 

PUMPS. 

Barrel pump. — A barrel pump (fig. 11), which will supply one 
lead of hose, will serve every purpose if the trees are low ^nd only a 
small amount of spraying is required, and will save investment in a 




Fig. 6. — The rust or silver mite : a and 1), 
Dorsal and lateral views of adult mite ; 
c, leg of same ; d, egg ; lemon rind 
showing pits normal to surface and mites 
and eggs. All greatly enlarged, (a to d, 
Copied from Hubbard ; e, Marlatt. ) 
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large iiiaeliine until sncli time as the worlc necessitates one. For 
three years or longer after planting, this pnnip will answer tlio pnr- 
po.^e very sfltisf^ictorily. Tn fact, one of the most sncce^rfiil grov© 
owners, who sprays, has used a l)arrel pumj) for three years in his 
grove of 800 trees abont 10 feet in heij^lit. A harrel pnmp, indeed, is 
a necessity in any grove where insect^s are controlled h}' spraying. 
I^fauy times it is necessary to spray one tree only, and this can be 
done eiisily with » barrel pnmp, thns eliminating the necessity of 
using H large iniu;liinii. A barrel pinnp is mlso snitable for si)ray- 
ing in groves where paUjiett^ and Qthtr trees have not been re- 
moved, and in groves 
so tliickly i)l«nted 
thlt it ii difticifllt to 
use a power si)rayer. 
A harrel i)nmp can be 
used also f«>r making 
em nisi ons and for 
wiiit(»wasliing. 

For extensivi* oi)- 
erations, however, 
ex i)e r 1 e nee i nd i ca tes 
^Ht #it]i€r n InvgQ 
lever punq) or a gas-' 
oline powder outfit 
shoulfl cn^d. 

Lever pump. — The 
large donble-acting 
hnnd pninp (fig. 12) 
(*an he used for s])ray- 

iw**^ (*v(»ii the l.*i pfost 
Fig. 8.— W^ty liiei>iiUtIon of liiM!^^^ 1.11^^^..-^, 

trees and nuiy be rec- 

onnuende<l for groves as large as 10 acres. This tyi)e of pump, like the 
harrel i)ump, seldom needs repairs and will sni)i)ly two nozzles very 
.satisfactorily. These pnmi)s can be purchased in connection with a 
tank or sei)arately. Tf purchased sci)arately, a barrel is used to hold 
the spray material. The chief difficulty with both the barrel i)nmi) 
sind the lever pnmp is the fact that it costs at least the wages of one 
mmn to furnish tJio power. This usually a mom its t.o about G to 10 
times as niuob as the cost for gusolifie to run a pow(»r outfit. Another 
<lisadvantage in using any type of liand-])ower pnmp is the irregu- 
larity of the pressure and the lack of stimulus to the men that is 
furnish^ by * powfr-driven nmchinc. 

Gasoline power outfit. — F()r any extended work in spraying, a 
power outfit (figs. 1^^, 14) should be used. Owing to the nature of 
the soil in Florida, spraying mtchinoe should be made as light in 
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wight us possible. It is very doiibtful if any ninclnne tlnit \vei<;^li.s 
more than 1,800 pounds is prnctical under the average grove condi- 
tions in Florid«. To b€ of th# greatest valii* i midline bhoiihl weigh 
not more than 1,400 to 1,G00 2)ound.s. It is also desirable in many 
instances to have a cross reach for the truck which will permit it to 
be vurned in h t#4*y sirmll eirclt. The tires should be not loss than 6 
inches in width and the diameter of the wheels should be as great as 
is practicable. In many instances, however, where the branches of 
the trees are ne«r the 
ground, it is desir- 
able to have the ma- 
chine !is low as pos- 
sible to prevent 
pulling oir fruit and 
limves. Some ma- 
chines are built un- 
neimsarily high and 
wh^n ymd in such 
a gn>^ Gsinse much 
damage. 

Since the wheels 
with w h i ch the 
S|)raying machines 
arc fitted are ex- 
iraniely heavy, often 
comprising half of 
the weight of the 
4nipt? nil cJ line, it is 
extremely desiral)le 
that lighter wheels 
1)€ const rn<?^»d for 
this special puri)ose. 
A machine for Klor- 
idsii condifeiou5; shoidd be fitted with a tank located in front of the 
engine and pump {not as in fig. lo.) This gives the operator an 
opportup.ity to attend the engine from the rear of the outfit without 
in^i*^Ln*ing with the tc^m, and also eliminates the diifig«r which 
usually follows when an engine is placed immediately in the rear of 
a pair of mules. The tank should contain an opening large enough 
fco f)#rmit n man to go inside to cle^n it out. The opening sliordd be 
fitted with a rcui()val)le fine-mesb wire strainer. The tank and the 
(,*:ib over the engine and pnmp .should be fhisli with each other, in 
order jnovent the catching of brandies, carrying ofT of fruit, #i.nd 
otlit^r injury t^) the trooe. 




Vw, II.— Jti'U fungus Mtlru-kinji citius wIiUo Ily. i.VIorriU 



12 



Farmers' Bulhtin 033. 



The engine should he not less than li horsepower. It is the eon- 
sensiis of opinion that a light engine of 2i horsepower is prefenihle 
to one of less power. The cMigine hy nil means should be fitted with 
ii good governor. The pnmp shonhl have sufTicicnt eapneity to sup- 
ply ;is many nozzles as it is intended to nse. Probably a pnmp hav- 
ing a enpwcity of not l<*f^ than 5 gallons per minute should be n^l. 

Most of the better- 
grade pumps havo 
n eapfieitv of from 
7 to 11 gallons per 
minute, and these 
will supply four or 
more nozzles. The 
pump should bo 
fitted with a regu- 
lator which is ac- 
curate, and will 
take eare of the 
ca pa eity of tho 
pump whether the 
noKzles arc t^nrned 
on or oil*. The pres- 
sure should not vurj 
if the nozzles iyre 
cut ofF. r>otli thi!^- 
gine and the pump 
shoidd ho protected 
from sand by moans 
of canvas eurtitiiis 
on the sides and 
rear. The wheels 
raise considerable 
sand to the height 
of the engine and 
pump and the wind 

Kic. 10.— TIio hrowD fungus attacking Uie citrus wliito fly. \\\^f th-CU blo"W it 
TIio myci'ilum of the fundus lias bcrn turned Itack from • i 
the Iow#r left portion of the Iwf. (Morrili and I^ek.) HI to tllC maohnicrv. 

The writer has 

known of instance h\ whic^h m«ahine^r\' mi protected from the sand 
bas been ruined in n single week. 

Roller sprayer. — The roller sprayer is a new type of spraying 
machine which has mii ttith ^vmi favor during tJie last thvm ymrs. 
Owing to the sand}' soil in which most citrus groves are planted, 
it is very difficult for the average team to handle the wheel -type 
spraying machine contaiuing 900 gallons of material. The roller 
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sprayer climiimtes this difliciilty perfectly niul one horse ciui handle 
200 gallons of spraying material very easily. An engine and a 
pump of the same kiiid us those thftt itr# nsod on th^ wh®41 typt of 
machine may he placed on the roller sprayer. This umchine is illus- 
trated in fignre IG. 



-4. 




Kuj. 11. — A barrel pump in sallsfactor.v fyr small (>]mratlon!!t. The spray Is (llroctod 
11]) ward to lilt the white fly liifi.'i;tln^ the lowvr mirfncc« of the Imvoij. 



HOSE. 

The SHme kiiwl of hose shouJd be used for the harrel pump, the 
lA.rg6i>r lever pump, and the power outfit. This hose sliould be not 
le.ss than 7-ply if it i^ wrapped." There is nlso a hose whieh is 
known ;is "double continuous net weave," which has given satis- 
factory results. This type is much lighter, and is therefore mnch 
easier to handle in a grove than the heavier type. So far, how- 
ever, there are no indict^tions as t-o whether the wrapped or lb© 
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woven hose is snpcrioi*. It is useless (o atioiupt to spray with ordi- 
nary garden hose, even when iisiu*^ a !)arrel puiup. Tlie writer has 
broken *^Rrd#n hose \\\ one hour. Hoee should he smooth on the out- 
side instead of corrugated, since smooth hose can he repaired by 
wrapping with adhesive tape. The best si/.c to use is hose of one- 
half inch diameter. 

Kor convenience in operation leads of hoso should be 50 feet long. 
Hose of this length permits the operator to reach the farthest side 
of the largttt tre€S in gvorm whore they are planted at Ui€ arerage 




I. 

Fig. 12. — Those linnd-powrr tank outfits nro satisfactory for many trrovos In Florida. 
Tlioy arc duraMo and do not easily j;ot out of ropalr. Tlioy will supply two loads of 
Ii0«:&. and iniiy «I#9 I>^ t^^nl In maktni; oinulsdonit. (Qualnt^nnott.) 



distance. Sinet tlie hose wears out first at the point of at(achmetit 
to Llie mHchiiit or rod, this length periiiits the hos© to be cut oQ' and 
r^tttich#d without nuiking it too sliart. Wiili a long hos« both tim 
mules and Uie machine may be kept out of range of the spray. 

RODS. 

In spraying, an extension rod ranging from 8 to 12 feet in length 
.should be supj^lied with each line of hose. The length will depend 
upon the height of the trees. This rod may Ik; a regular bamboo rod 
or a small gas pipe. The former is mure suitable for this work be- 
cause it is lighter and more ©#isily haiidlBd a-ft^r becoming wet, and 
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1**10. I.". — A power HP ray 111;; on tilt of the approved typo wieli (he en^'liitf In tliv r»«r. 
where It can bs attended without loss of tUm. Note the toww which ®n«bl^ the 
sprayer to r«acli tlie topmost h ranches of the trecNj. 




!*!<:. 14. — Wutur supply witfon tt> tli^ rlfht of tht «i>iiiytu|: mNchhie. Sneh n w«|coti, ini^ 
to hAnl wjitir to the m««hlne In tlit grov^. nearly douhle* flio niinilw of the trt^ ttmt 
can t)^ iiprayed without much addltlouAl co**t. Note that the cov»r ove^ the wiglne U* 
nuflli with the sifirny tank. 
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is not easily bent, hence the oi)erii(()r always knows just how to turn 
Lhe rod to direct the .si)ruy upward. The bainhoo rods, however, will 
not stlind sueh rough usage as tho^e mndo of gas pipe, and for this 
reason many growers have sto])i)ed using them. An old piece of 
nihher hose msy be slipped over the end which is attached to the 
hose, so thsit the operator may hlindle the rod with greater facility. 
Rods of gas piping shonhl be lve])t straight and they should never 
exceed 10 feet in length. Owing to the more thorough work that 
can be done with the light bamboo rods, and the greater ease with 




\ 

Kn:. Im. — A iH>wt"r a^prn.vliif tfiM^Uiliiy of Hh^ unrli^rsluiif l.vi^fi, wllli Wut (itiglnt; aud piinip 
forward, tlic tnnk In the n^ar. 



which tbey may be handled, they should be used whenever prae- 
ti cable. With care tJiej often Ust for yoarx. 

CUT-OFFS. 

Th(*re should a cut-off hatwcen ea<:di line of hose and the machine, 
so that if only one line of hose is recpiired, or if an accident teniporar- 
ih' incapacitates one lead, the other lead or leads can be used. There 
shotdd be an additional cut-off between o*ich extension rod and the 
hose, so that the operator can prevent any undue waste of spray ma- 
terial, either in going from row t^ row or from tree to tree. A eut-ofT 
placed in tJiis position will eaiablo the o|)«%tor to ekj«n out any 



Sprai/iiig for CJtru.s Inse.clx and Miles in Florida. 



17 



iini)c(liincnt in the no/.zlo Avitlioiit goinj? back to the nmohinc to cut 
off tJie liquid. A cut-off shoiihl always he kept in good repair, for if 
i4 does not cnt off tJve spray completehj^ it is usclef^s. 

NOZZLES. 

In sjMayinf^ citrus trees the object is to obtain as wide n ^dtf is 
practical)le so that the greatest amount of leaf surface cutu be spr|.ys<3 
in the shortest time. Penetration is not so important in spraying for 
the pests on citrus. An angle nozzle, from which tfie spra}' emerges 
ill the form of t ccmt, «t m angle of from Mi"^ to 60°, is the beM to 

f r 




¥\c„ 16. — ^l£oU#r wy*y^\ ^ iiHin' t.y(i« of ti{n-N#inj^ nmcliinl* ndnptiKl tK> FlorUlu conditions. 



obtain thi.s re.snlt. It is also much b€t:t*i: if two of thesC; nozzles are 
placed on a Y so that the cones of sprsij tjifcrsect at from 8 inches to 
12 Inches from the nozzla. AVheu so arrnjiged the hollows of the 
cones are broken and it is much ensier to attain a perfect wetting 
of all the foliage. The object in spraying a citrus tree should be the 
complete wetting of both the upi)er and lower surfaces of the leaves 
in the shortest possible time. 'J1ie Avriter has found after manj yanrs' 
experience that much time is wasted in using nozzles of smiUl c»- 
l)acity. It requires at least twice as long to spray a tree using a noz- 
zle with too small a hole in the disk as it does using one of proper 
capacity. It is advisable to use a disk with an oi)ening not less than 
one- twentieth of an inch in diameter ajid not greater perhaps than 
one-sixteenth of an inch. 
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SPRAY GUNS. 

The so-called spray guns are not adapted for spraying for white 
flies and scale insects. It is impossible to do thorough work Avith 
them. The spray can not be directed upward so as to hit the under 
surfaces of the leaves, and neither is the field of spray wide enough 
to wet the branches 6 or more feet distant. These may be adapted for 
spraying for rust mites, where speed may be more important than 
thoroughness. 

SPRAYING ACCESSORIES. 

Every outfit, whether it be a barrel pump, a large lever pump, or a 
power outfit, should be fitted with a wrench, pliers, hammer, and 
such other tools as are necessary. It will also save much trouble and 
annoyance if the materials which are placed in the tank are first 
strained through double thicknesses of clieesecloth. This will cost 
only a few cents and, according to the experience of the writer, may 
save several dollars a day in time. In case a small leak appears in 
the hose it can be dried carefully with a cloth and repaired with 
adhesive or " tire " tape ; this has been known to double the dura- 
bility of a hose. Copper wire or other wire should be available in 
case hose connections should separate. Patent hose clamps are now 
to be had. Each outfit should be provided with proper measures 
and buckets to enable the operator accurately to calculate the amount 
of the insecticide used, besides buckets for filling the tank. 

INSECTICIDES. 

The pests of citrus trees considered in this bulletin may be divided 
into two groups with relation to the insecticides involved: (1) Those 
controlled by the soap-and-oil sprays, such as the white flies and scale 
insects; and (2) those controlled by the sulphur sprays, such as the 
rust mites and red spiders. 

INSECTICIDES FOR WHITE FLIES AND SCALE INSECTS. 

Experiments covering a 10-year period have shown that the best 
insecticides for controlling white flies and scale insects are those hav- 
ing a base of cheap lubricating oil or what may be termed " paraffin 
oil." These oils are made into emulsions according to the following 
formulas : 

Fish-oil soap at the rate of from 5 to 8 pounds to 50 gallons of 
water in May, or from 12 to 16 pounds to 50 gallons of water dur- 
ing the winter season, is an effective spray that has been used for 
many years without injury to the foliage or fruit. 

While both the fish-oil soap and the oil emulsions are effective 
in killing the white flies and scale insects, experience indicates that 
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the latter are far superior to the former under Florida conditions. 
This superiority is due to the physical properties of the oils. The 
high boiling point and great viscosity possessed by these oils make 
them operative over a longer period of time after application, and, 
too, they are only slowly affected by average temperatures and 
showers. Foliage sprayed with oil emulsions remains slightly oily 
in appearance and to the touch for several weeks. Fish-oil soap 
leaves no such evidence that the trees have been sprayed. The oil 
spray is much less affected by showers than is the fish-oil-soap spray. 
Summer showers falling after the oil spray has once had an oppor- 
tunity to dry on the foliage have little effect in lessening the efficiency 
of the spray. Such showers, however, have a very evident effect 
upon the number of insects killed by the soap spray. The effective- 
ness of the weaker strengths of fish-oil soap is much more reduced 
by showers than is the effectiveness of the weaker strengths of oil 
sprays. 

In experimental work on a large scale for the control of the citrus 
white fly the oil-emulsion sprays have given better results than have 
the soap sprays. This greater efficiency seems to be due, not to a 
higher percentage of larvae and pupae killed when the spray is ap- 
plied, but to the effect that oil sprays exert upon unhatched eggs or 
upon the young larvae hatching from them within 10 to 14 days after 
spraying. The oil forms a film over the eggs which prevents a large 
percentage from hatching, and the young larvae from those which do 
hatch are killed either in the act of emerging from the shell or in 
crawling over the oil-coated leaf. No matter how efficacious an in- 
secticide may be in killing larvae and pupae on the leaves at the time 
the spray is applied, if it does not either kill these unhatched eggs 
or remain operative long enough to kill the larvae that subsequently 
hatch, much of the benefit of spraying is counterbalanced by rein- 
f est at ion. 

There are two ways of making the oil emulsions: (1) Without 
heat ; (2) with heat. The first is called the " cold-stirred emulsion " ; 
the second, the "boiled emulsion." Both kinds of emulsions are 
efficient, reliable, and easily made. 



COLD-STIRRED EMULSION. 



Formula. 



Fish-oil soap: 



By weight 



.pounds 



8 



or 



By measure 

Paraffin oil, 24° or 28° Baume. 
Water . 



-gallon 
gallons 
-gallon. 



1 
2 
1 
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Directions for preparation.— In preparing the stock mixture, the 
soap should be put into a receptacle of about 5 gallons' capacity and 
the oil added while the mixture is being vigorously stirred. It is 
important that the oil be added in small quantities at first, and that 
the stirring be sufficient to keep the oil and soap in the form of an 
emulsion after each addition of oil. Thus, at first about a pint of 
oil should be added to the soap and the mixture stirred until no free 
oil appears. As the amount of oil is increased it should always be 
stirred or mixed thoroughly before the next addition is made. After 
the required amount of oil has been added and after free oil has 
ceased to appear on top of the soap, the water is slowly poured in, 
about 1 quart at a time. As previously stated, the only apparatus 
required to make this formula in a small way is an ordinary gal- 
vanized iron pail and a paddle. 

The foregoing formula may be modified under certain conditions, 
as the quantity of soap will depend largely upon the time consumed 
in adding the oil and the amount of stirring; the amount of soap 
being lessened if the stirring be uniform and ample time be taken in 
the careful preparation. 

To make this formula on a large scale, a 300-gallon cylindrical 
tank may be fitted with paddles, which are attached to a shaft in a 
vertical position, occupying the center of the tank. The shaft is 
fitted with a beveled gear on the upper end. A horizontal shaft is 
then connected with the vertical shaft by means of another beveled 
gear, while the other end has a pulley to connect with the engine. A 
series of brakes should be fitted to the sides of the tank to prevent the 
entire mass from turning around with the paddles. An entire barrel 
of fish-oil soap may be placed in this tank and the stirring begun at 
once. Two barrels of oil may then be run into the soap through an 
inch or 1^-inch hole in the end of the barrel, or the oil may be run 
out of the bunghole. After the oil has been added, either one-half 
or two-thirds of one barrel of water can be added to complete the 
preparation of the stock solution. In the final spray this should be 
so diluted as to contain about 1 per cent of oil by adding 1 gallon of 
the stock solution to 50 gallons of water. 

It is also highly practicable to fit up- a 50-gallon barrel in the same 
way as for the 300-gallon tank. By attaching a crank to the hori- 
zontal shaft the mixer can be run by hand instead of by an engine. 
Such a mixer, designed and used by Mr. J. A. Stevens, De Land, Fla., 
has been found practicable. The writer has used an ice-cream freezer 
for making an emulsion, by removing the can and adding a false 
bottom of 1-inch board to hold up the stirring gears. In fact, many 
different types of mixers can be constructed, depending on the mate- 
rial available and the scope of the work involved. 
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T'jirjinii) oil irnlloiis-- 'J 

Water * galloiu^ 1 

Fisli-o!l soMi* pgiiiMls__ 2 

or 

UnnI soap » _ .liouiul. 1 

Directions. — Put oil. wiitrr, an (J soap into ii kettle or otlicr vessel 
fchti win sfeHnJ tirOs m\d hont to the l)oilin<^ point. While still very 
hot, pump the makiiiid (see fig. 17) into another vessel and then batik 
a^9iin. Knnilsion ewn not \yt made by this forinida without » puiup; 
stirring is not snilieient. 




I'm;. 17. — .\ puiiii) usrd for fiiuilsirylii^ tin* oil. This Is iisrd In iiinklii;; On* eiiiiilsluiiK on 
ti siiiuil uc,n\ft. (Qiif)[iit»nc#.) 



Dilute to uuike 200 gallons of spray material. 

For making the above formula the wnU»r has used 0 and IH-gallon 
ka^U«, vfash Iwilers. and lOO-gnllon oil tnnks ^Yith unifonn succe*is. 

If it is desirable to make this formula on a s(nne\vhat larger scale, 
the nuiteriiils can be heated in a large kettle or other vcs.scl and then 
dipped inbf) n bnrrcl pinnp outfit and the inixtnrt binidsified bj pump- 
ing it back upon itself. For safety it is best to have all the material 
pass through tb(» pump twice, but it must not l)e pumped after it has 
become cool. Rxces'SiY^e pumping will bretdv up a good ftmulsion. It 
can also be heated in a large galvanized oil tank having a capacity of 
4 barrels and emulsified by means of the spraying machine. In this 
case the suction hose should be put into tli« toudi: of hot mffcteriiil «.nd 
(Jic discharge ho^ into Uie spraj^ t^nk. For tdie second punip)ing. put 
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the suction hose into the spray tank and the discharge hose into tho ii^^ 

storage barrels. When the spraying machine is used for this purpose, 

an old suction hose should be used, as well as a discarded piece of hose 

for the discharge end. This should be not more than 10 feet in length. 

The material should be run through an ordinary nozzle with the disk 

left off. The overflow will not emulsify this material. 

Both the " cold-stirred " and the " boiled " formulas have been ex- 
tensively used in large citrus groves as well as by citrus growers' asso- 
ciations. One association has a plant fitted with two 300-gallon tanks 
and the material is heated by steam. To emulsify the mixture, they 
use a large pressure pump with a 2-inch intake and a discharge of | 
inch. The material is pumped from one tank into another and then 
pumped over or back on itself for about 10 minutes. It is then bar- 
reled. This plant can make 3 barrels of insecticide in 20 minutes. 

MODIFICATIONS OF FORMULAS FOR USE WITH DEEP-WELL WATER. 

If it is necessary to use deep-well water for spraying, the same 
formula may be made up with a stabilizer such as ground glue, casein, 
milk powders, cornstarch, laundry starch, wheat flour, or corn meal. 
Any of these substances added to the foregoing formula will render 
the emulsion so stable that it will mix with practically all deep-well 
waters and also with lime-sulphur solution. 

If it is intended to use the " cold-stirred " formula^ the stabilizers 
can be added after the emulsion has been made or just before it is to be 
placed in the spray tank. Simply dissolve a pound of glue, either in 
hot water or by soaking overnight in a small quantity of water, and 
add this solution to 3 gallons of emulsion. Casein and milk powders 
can be used in the same way. If wheat flour, corn meal, cornstarch, 
or laundry starch are used, it will be necessary to make a paste, 
which can be added to the emulsion either when it is finished or just 
before it is to be used. These should be used at the rate of 1 pound 
to 3 gallons of emulsion. 

If it is intended to use the " boiled " formula^ the ground glue, 
cornstarch, laundry starch, or wheat flour can be placed in a kettle, 
together with the other materials of the formula, and no change need 
be made in the regular procedure. It is best, however, first to dis- 
solve the materials in some water. It is also advisable to add the 
casein and milk powders after the receptacle has been taken from 
the fire or after the cooking process is over, but before the pumping 
or emulsification has been done. Of course, these stabilizers may be 
added to the emulsion just before it is to be used. All of these 
stabilizers are subject to fermentation, and they should not be used ^ 
in insecticides if it is intended to keep them for any length of time. 
In extremely hot weather they will keep three days or longer. In 
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cool weather, of course, they will keep much longer. As yet we hav^ 
not found a suitable and reliable preservative which will prevent 
these stabilized emulsions from breaking down. 

Owing to the high temperature of the mixture, pumps used for 
emulsifying should have metal valves. If made of other material 
their period of usefulness is very short. It should always be remem- 
bered that a pressure pump must be used for emulsifying. The writer 
has never succeeded in making an emulsion with a rotary pump. 

DiflJculties that may arise in making the "boiled" formula are: 
(1) A lack of suflScient heat, (2) improper pumping, or (3) an im- 
proper emulsifier. In many tests the water and soap only were 
heated, and failure to produce a perfect emulsion resulted in every 
instance. On the other hand, when all the materials were heated 
together a perfect emulsion was secured. The materials should be 
heated until a slight foam or a few bubbles appear, but it is not 
necessary to boil for any length of time. 

Some growers have failed because they attempted to stir the mate- 
rials together with a stick, and others because they used a rotary 
pump. Neither of these is satisfactory. 

The emulsifying agent is very important. There is no doubt that 
potash-fishoil soap is the most satisfactory of all soaps for the mak- 
ing of any of these emulsions. When this material is used the oil 
very seldom separates and the resulting emulsions never become too 
thick to be poured or handled conveniently. On the other hand, 
when hard soaps are used which are made from caustic soda and fats 
containing large proportions of stearin and small quantities of rosin, 
the emulsions separate on cooling, and will cause much trouble in 
mixing on the day after they are made. If the emulsion made from 
any hard soap found on the market is used on the same day that it 
is made, no trouble will be experienced. The " cold-stirred " formula 
is difficult to make with hard soaps. The writer has found it impos- 
sible to make emulsions by using any of the soap powders, even if 
flour is used as a stabilizer. 

Before any spray material is applied to a tree it should be tested 
to determine if it is a perfect emulsion. To do this, add a small 
amount to some soft water; if no oil floats or no thick, greasy scum 
forms, it is satisfactory. If free oil appears the emulsion is imperfect 
and should not be used. Great care should be used to stir the con- 
tents of the barrel thoroughly before any test is made. 

The present price of potash-fishoil soap makes the " cold-stirred " 
formula somewhat expensive, but when the market becomes normal 
its cost will be reasonable. It has an advantage in that it will keep 
indefinitely and will not separate under ordinary conditions of tem- 
perature or usage. Furthermore, no apparatus other than an ordi- 
nary pail and paddle is required for making it on a small scale. 
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Just at present the ioiled*emulsion formula is the one which will 
appeal to the average citrus grower in Florida, It is^ heyond all 
question^ the cheapest effective insecticide for white flies and scale 
insects. 

The oils used in the making of these formulas test from 21° to 32° 
Baiime and have a viscosity varying from 200 to 1,700. While it is 
not known just what physical properties an oil should possess to be 
of the greatest insecticidal value, experience seems to indicate that 
a satisfactory oil should have a viscosity perhaps greater than 500 
and have a volatility test of less than 5 per cent. The greater the 
viscosity and the lower the volatility test the better the oil seems 
to be for killing scale insects. Petroleum fuel and distillate or gas 
oil may also be used and when applied should be used at twice the 
strength indicated for the lubricating oils. All the oils may be pur- 
chased from the various oil companies operating in the citrus belt. 
The soaps may be purchased from the various fertilizer companies. 

PROPRIETARY MISCIBLE OILS AND EMULSIONS. 

There are several proprietary miscible oils and emulsions on the 
market which give highly satisfactory results. These should be 
diluted so that the spray material will contain somewhere between 
I per cent and 1 per cent of oil. The writer would advise the use of 
oil emulsions when diluted to about 1 per cent. Experience indicates 
that such substances as rosin oil and sulphuric acid should not be 
used in proprietary insecticides. 

QUESTIONABLE INSECTICIDES. 

Each year the citrus grower is besieged by representatives of new 
and untried alleged insecticides. Some of these may be found to 
possess merit, but more often they are spurious, or, at best, are not 
so good as the ones already on the market, or those that can be made 
by the grower himself. In some cases, even if they did possess value, 
the cost would be prohibitive. Recently an insecticide which when 
analyzed was found to contain 80 per cent kerosene with a touch of 
carbolic acid sold for $3 a quart. This would make the market 
value of kerosene not far from $14 a gallon, allowing $1 a gallon for 
other miscellaneous materials. The citrus grower should use a new 
insecticide only after it has been proved to be of value by a repu- 
table firm or after the formula has been tested out by the station or 
department workers. In case the grower desires to experiment for 
himself with a new and untried insecticide, it should be applied to 
only a limited number of trees while the main spraying is done with 
well-tested materials. 
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SOFTENING HARD WATER. > 

Whenever practicable the growers should use lake water for 
spraying with the oil emulsions. When a proper emulsion is so 
used, no trouble will be experienced. If only deep-well water or 
sulphur water is to be had for spraying purposes, some means must 
be taken to eliminate those chemicals which combine with the caustic 
soda in the oil emulsions to set the oil free. If such water is used 
without treatment, free oil sometimes appears on the surface, but 
usually a thick, greasy mass forms. Usually when sprayed on a 
tree the twigs are killed to a considerable extent. Some of these 
well waters are so hard that it requires an enormous amount of soap 
to soften them. Our experience indicates that caustic soda when 
used alone will not give satisfactory results. It has been found that 
if 1 pound of caustic soda per 100 gallons is used in addition to from 
3 to 6 pounds of soap the oil emulsion will mix satisfactorily. 
Caustic soda should be dissolved in 2 or 3 gallons of water and then 
added to the full tank and the entire mixture stirred and left to 
stand about a minute. Before adding, the soap should have been 
dissolved at the rate of about 1 or 2 pounds per gallon of water. 
After the soda and soap solution have stood for 2 or 3 minutes the 
insecticide may be poured in. 

It is advisable for the grower to proceed on a small scale at first, 
using a barrel of water or less. After the first addition of caustic 
soda and soap some insecticide should be added. If the thick, greasy 
scum forms within the period of 5 minutes, another test should be 
made, using a larger quantity of both caustic soda and soap. 

Weak Bordeaux mixture may also be used to render deep-well 
waters so that any oil emulsion will mix with them. The authors 
have never known 1-^-50 Bordeaux or 8 ounces of bluestone and 8 
ounces of lime to 50 gallons of water to fail. In fact, in every in- 
stance except one, one-half this quantity gave satisfactory results. 
Dissolve the bluestone in water and add the lime, which has pre- 
viously been dissolved in a gallon or so of water. After stirring, 
the oil emulsion can be added. The grower should note in using this 
as a water softener that the material will possess a flocculent precipi- 
tate and should be applied with a slow revolving agitator. Such 
spray material will also have more or less fungicidal properties. 

SPRAYS FOR RED SPIDERS AND RUST MITES. 

It has been known for many years that sulphur sprays are suc- 
cessful against both rust mites and red spiders. Lime-sulphur 
solution has no doubt been the best form of sulphur for the control of 
these pests. The advantage of this solution over other forms is its 
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permanency, since after it once dries on the leaves it remains for a 
considerable length of time, whereas other forms are easily washed 
off by rain or dissipated T3y dew. Directions for making lime-sulphur 
solution are given in other publications of the department.^^ For 
these pests it is best to use lime-sulphur solution not weaker than 1 
gallon to 75 of water. The maximum strength to be used will depend 
entirely upon the season of the year and the objects of the grower in 
spraying. 

During the last few years several substitutes for lime-sulphur 
solution have been placed on the market. Nearly all of these are 
dry or powdered. It is reasonably certain that they will produce 
equally as satisfactory results as lime-sulphur solution if used so 
that the spray material contains the same amount of sulphur in 
solution. 

SODA-SULPHUR SOLUTION. 

The main value of the soda-sulphur solution consists in the prop- 
erties which enable it to be used in combination with the oil emul- 
sions. Owing to the superiority of lime-sulphur solution the use of 
soda-sulphur solution alone is not advised. It has a distinct place, 
however, in forming a good combination spray for white flies, scale 
insects, and mites. It is made as follows : 

Formula. 

Flowers of sulphur pounds— 30 

Caustic soda (98 per cent) do 20 

Water gallons— 20 

To remove the lumps from the sulphur, place a wire screen over the 
barrel and rub the sulphur through with the hands, then slowly add 
about 3 gallons of water and stir so as to form a thin paste. The 
caustic soda should then be added and the entire mixture stirred 
vigorously. Some growers add the caustic soda gradually to pre- 
vent too vigorous boiling, and others add it all at once with water 
enough to prevent too vigorous boiling. It is also practicable to 
dissolve the caustic soda in about 4 gallons of water before it is 
added to the sulphur. The boiling will be quite violent and it may 
be necessary to add a gallon or more of water during the process, 
but whether or not this is necessary can be determined by the 
operator. 

The main difficulty in making this formula is that too great heat 
is generated, which liquefies the sulphur before it can be acted on by 
the caustic. If sediment forms this has been the cause. To prevent 
this excessive heat add more water in the beginning and during the 
process. After boiling has ceased add about 16 gallons of water. 
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For spraying against red spiders and rust mites use 1 gallon of 
this stock solution to 40 gallons of water. When used with the oU 
sprays the strength should be a little less than if used alone. When 
so used dilute 1 gallon to 50 gallons of water. If it is to be used in 
combination with oil emulsion, it should be added to the tank or 
barrel of watc: before the oil emulsion. 

SPRAY COMBINATIONS. 

Since the oil emulsions kill white flies and scale insects and the 
sulphur sprays kill rust mites, the logical thing to do would be to 
apply the mixtures together, provided that the sulphur sprays and 
emulsions were compatible, and, furthermore, that the pests were 
present at the time. Such a combined use of the two main insecticides 
would save the expense of the labor necessary for applying them 
separately. 

Soda-sulphur oil-emulsion spray. — The combination of oil emul- 
sions and soda sulphurs makes a compatible spray and the mixture 
is always perfect. It is just as safe to apply as either spray sepa- 
rately. In May also a considerable infestation of rust mites is usually 
present, as well as white flies and scales. The use of this combination 
at this time should not keep citrus growers from making the main 
rust-mite spraying a month or so later. The use of the sulphur 
in the emulsion is simply to insure the fruit against any undue infesta- 
tion of rust mites until such time as the grower can conveniently 
make the lime-sulphur spraying. Many growers have used this com- 
bination for many years and other growers have used it for a while 
and then stopped using it. 

Oil-emulsion lime-sulphur sprays. — While any oil emulsion can be 
used with the soda-sulphur solution, this is not the case with lime- 
sulphur solution. In order to use the combination of oil emulsion 
and lime-sulphur it will be necessary to use a stabilized emulsion to 
prevent undue separation. Any emulsion which is made for deep- 
well water will mix and work satisfactorily with lime-sulphur solu- 
tion. When this combination is used it should be noted that a large 
part of the insecticide is in the form of a flaky precipitate and it will 
be necessary to use an agitator to apply it. Although the author has 
used this emulsion to a rather large extent, no injury has ever re- 
sulted. The grower, however, should use this combination with much 
conservatism. He should be very careful that the mixture is right 
before applying it. Several growers at present are using this combi- 
nation exclusively and with success. To those growers who have con- 
siderable skill and knowledge of spraying and insecticides, this 
combination is recommended at least for a thorough trial. 
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Bordeaiisc oil-emulsion combination.— This spray is used to control 
scab and melanose arid other fungous diseases. The oil emulsion is 
added in order to prevent the undue infestation of scale insects which 
usually follows the plain Bordeaux. This combination is perfectly 
safe and will do no injury to either the fruit or the trees. 

In all these combinations the oil emulsion, the sulphur, and the cop- 
per are just as effective in combination as they are when applied 
singly. 

Sulphur sprays and tobacco solutions. — This combination is used 
for thrips in the bloom and will cause no damage. 

FACTORS IN OBTAINING SUCCESSFUL RESULTS. 

In order to obtain satisfactory results from spraying, the grower 
should carefully plan the operations a considerable time in advance. 

PRELIMINARY WORK. 

A spraying outfit should be ordered at least two months before it 
is needed. If a spraying outfit is already at hand, great care should 
be taken to overhaul it at least a month before spraying begins. This 
will afford plenty of time to send for parts, if any need to be re- 
placed. The tank should be cleaned out, and soaked so that it will 
not leak. The pump should be carefully repaired, and if any parts 
are worn out or broken they should be replaced. It is essential that 
the valves be in perfect condition and these should be polished with 
emery dust or emery cloth. The valve seats if worn should be changed 
or new ones substituted. It may be that these can be reamed out by 
a machinist. In case any gears are badly worn, new ones should be 
obtained.' The engine should be carefully gone over to see that it is 
ready for operation. If the cut-offs leak they should be replaced or 
ground, and the nozzles and rods examined. In regard to the hose, 
it is always advisable to have an extra lead in case those in use leak 
badly. 

The insecticide or insecticide material for the entire grove should 
be on hand at least a week or 10 days before operations are to be 
begun. It is better to overestimate a little than to underestimate the 
quantity, as in the latter case the spraying operations would have to 
cease until another supply could be obtained. 

The source of water supply is also very important. For the oil 
emulsions it is much better to use lake water, but if this is impossible 
the water from the deep wells can be used and treated as heretofore 
suggested. If sulphur sprays are to b^ used alone they will mix sat- 
isfactorily with both lake and deep well water. Wherever practicable 
the water should be hauled to the machine by a supply team (fig. 14). 
Where two leads of hose only are being used, this hauling can be done 
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with one horse and a boy with two barrels, unless, of course, the 
water supply is at a great distance. When four leads of hose are be- 
ing used, it will be necessary to use a double team and four barrels 
or a supply tank. If it is possible to haul the water for spraying to 
the machine, the number of trees sprayed can be practically doubled. 
In operations conducted by the writer as many as 18 loads of 200 gal- 
lons each have been sprayed in^ 10 hours. When the water is hauled 
to the machine the tank filler or suction pipe may be inserted into one 
barrel while the spray men, with buckets, dip the other three barrels 
into the tank. This saves much time in filling. 

Before any insecticide is used its strength should be known in order 
to permit the dilution of the spray to the proper strength. The oil 
emulsions should be diluted according to the percentage of oil they 
contain. The sulphur solutions should be diluted according to the 
quantity of sulphur in each gallon of liquid, which is usually told by 
the degree of density as determined by the hydrometer. 

It is also of considerable convenience to be able to open a barrel 
in the proper manner without breaking in the head. To do this take 
an ax or other implement and pound first on one side of the bung and 
then on the other. After a few such strokes the bung will be loosened 
so that it can be very easily removed or " jumped " out. After this 
is done a paddle should be inserted through the bunghole to stir 
the insecticide. The insecticide should always be stirred before any 
is taken out for spraying. It is convenient also to nail a small piece 
of tin on one side of the bunghole which will act as a spout and 
cause the insecticide to run into the measuring bucket instead of down 
the side of the barrel. A hole also can be bored in the head about 1 
inch from the edge on that side of the barrel which is opposite the 
bunghole. A faucet or molasses gate should then be inserted in the 
hole, and the barrel placed on its side with the faucet next the ground. 
The bung should then be removed to permit stirring and entrance of 
air. A stick can be used for this purpose. The best way to mix an 
insecticide is to draw off several bucketfuls through the faucet and 
pour back through a funnel in the bunghole. 

SPRAYING PROCEDURE. 

HOW TO APPLY THE SPRAY. 

In spraying for the control of white flies and scale insects the 
method of application is the same whether a barrel pump or a power 
outfit be used. The object should be the complete wetting of both the 
upper and lower surfaces of the leaves as well as all the limbs and 
the trunk. 

In applying the spray the operator should begin on the far side of 
the tree and work around to the point nearest the machine. The 
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second half of the tree should be handled in like manner. If two 
operators are at work on the same tree they should both begin at 
the point farthest from the machine and proceed until they meet. 

The spray should be applied to the tree in a systematic way. The 
operator should begin at the base and work to the top, inserting the 
rod among the branches so as to spray the center of the tree. The 
entire tree may be thus sprayed in sections, the operators proceeding 
alternately from the bottom to the top and from the top to the 
bottom. To prevent kinks in the hose, the operator in moving from 
tree to tree should never make a complete turn. In case kinks appear 
they should be immediately taken out by turning the spray rod and 
not by pulling the hose. In pulling kinks out of hose the hose fabric 
is destroyed. Such an avoidable waste of property should not be 
permitted. 

PRESSURE. 

The pressure that should be maintained depends to a considerable 
extent upon the agility of the man using the rod. If a man moves 
rapidly, a greater pressure can be maintained without accompanying 
loss of material than when a man moves slowly. A slow man will 
not be able to handle a much greater pressure than 150 pounds, 
whereas an active one will handle 250 pounds. It is very doubtful if 
a slow-moving man should be employed to use a spray rod. The 
pressure also depends upon the size of the hole in the disks. The 
smaller the hole, the greater must be the pressure to furnish sufficient 
spray material to wet the foliage without losing time. If a barrel 
pump is used, from 80 to 100 pounds will be all that can be held with 
one man pumping. From 100 to 125 pounds will be all that can be 
maintained when the large lever pump is used with one man pump- 
ing. For average conditions the power outfit should maintain from 
175 to 250 pounds. When the pressure is less than 175 pounds opera- 
tions should cease. 

QUANTITY OF LIQUID REQUIRED TO WET TREES. 

Successful results can not be obtained unless sufficient material is 
used to wet the foliage completely. To a certain degree the quantity 
of liquid used is a good criterion of the efficiency of the spraying 
done. We have known intelligent grove owners to use a gallon of 
material for a tree 10 feet high. No satisfactory results can be ex- 
pected from such spraying. The quantity to be used will depend 
upon the density of the foliage as well as upon the size of the trees. 
Small trees having dense foliage require much more material than do 
larger trees with more sparse foliage and straggling branches. For 
trees 1 or 2 years old one-half to three-fourths of a gallon is suf- 
ficient. Trees 3 to 4 years old should require from 1 to 1^ gallons, 
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and trees just beginning to bear should seldom receive less than 2 
gallons per tree. Trees of large spread and 10 feet in height somer 
times require 10 gallons, while the very largest trees require as 
much as 15 gallons. The average tree of 10 to 12 feet requires about 
8 gallons. 

RAINS AND DEWS. 

Spraying should never be done during a rain or when the foliage 
is dripping wet. Spraying under such conditions dilutes the spray 
to such an extent that it is entirely ineffective in killing the pests. 
Operations should cease at least 10 minutes before a shower, in 
order to give the spray a chance to dry. After a shower opera- 
tions should be resumed in 20 to 30 minutes, or after a large part 
of the drip has ceased. If heavy showers fall late in the after- 
noon, it is improbable that spraying resumed the same day will be 
effective. It is seldom that the dew is so heavy as to prevent spray- 
ing at 7 o'clock in the morning. 

THOROUGHNESS. 

In spraying for any pest on citrus trees the complete wetting of 
every leaf on both surfaces as well as the branches and trunk should 
be accomplished. It is only when leaves are hit by the spray that 
the pests on them are killed. Lack of thoroughness in this respect 
is responsible for more failures to obtain satisfactory results thxm 
are all other factors combined. 

In order that satisfactory results may be secured, only the most 
intelligent, honest, and careful laborers should be employed to handle 
the spray rods. In fact, it might be well for the foreman or owner 
to handle one rod. If this is not practicable, the owner or a respon- 
sible foreman should be with the machine all the time. It is also 
advisable to examine the leaves frequently to see if they have been 
hit on the lower surfaces. The sprayer himself should have an 
opportunity to examine his own work. Even when the best and 
most thorough work has been done, many leaves will remain un- 
touched by the spray. 

WHEN TO SPRAY. 

So far as the effect of the various insecticides on the trees and fruit 
is concerned it is reasonably safe to spray at any season of the year. 
The oil emulsions, however, should not be used at more than half 
strength during the blossoming period (compare figs. 18 and 19) or ► 
until the fruit is about an inch in diameter. Although the writer 
has known several people to use them at this season at full strength 
without any injurious results, the application of oil sprays to the 
blossoms is too hazardous to be generally practiced. When low tern- 
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peratiircs follow tlic iipplicatioii of oil sprays, an excessive shedding 
of foliage usually occurs. Spraying operations that are being car- 
ried on during tJie wiHfer ^ould b€ discontinued as soon jis a cold 
wa¥c predicted. The sidphiir spriys, either alone or in combina- 

tion with the to- 

btcco ^lutions, u«fu- 
ally will cause no 
damage to the blos- 
soms if used nt an}' 
r e c o ni m e n d e d 
strength. Xeither 
will the tobacco so- 
lutions cause any 
damage to the blos- 
soms even if used 
at several times 
the re com m (mi d ed 
strouirth. Tf if is 



Fic. 



IS. — Worina! orange blooms jim! buds, 
tlio bloom In figtiro I'J. 



Comi>«re \v!(h 



the intention to 
spray during the winter, it will be found much more convenient 
to spray after the fiuit has hton removed. The insecticide usually 
will do no harm to the fruit, but the spraying operations may cause 
more or less mechanical injur}' when the branches aro luMivily laden 
with fruit. It is 



also diOleult to do 
as thorough work 
when the bi'tjUGht^s 
are weighted with 
fruit. 

The life history 
and habits of nearly 
all pests on citrus 
fi'ees lire. fir)rt una te- 
ly, such that good 
and satis faetory re- 
Kults ean 1)^ obtained 
at any time the 
spray is a[)plicd, but 
to obtttin the maxi- 
unim benefit with 
the uiinimum expense the spraying must be opi)ortuue. Much 
of tJie *fpi-?iiying done at prci^nt In'ings no iJoturns to the grower, 
because it is done after the damage has taken place. The writer 
has seen many groves being sprayed when the purple scale had al- 



Vu\, Sprii.viiiif witli heavy oil eimUsions ii( full ^(migdi 

may Injun- tin* bloom of orrtn;;e and ;;iaiK*fi'Uit. al^ li#r<? 
illu>'tratod. and cau>e nuu'b of i( (o drop. 
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ready done $2 worth of (hiniii^rc per tree. Men also have been seen 
spraying where the ])ests were so few tJnit practically no l)eiiefiei>il 
result?; would ever follow (he treHtinent. 7'he sprayhiy for nt^i nnie^ 
is often done when not more than two or three mlies can he found on 
a fimit^ or after they hare hecome so mtmieroxis that the 7'U^seiinf/ 
ha^ already appem^ed 
and CO It Id not he pre- 
vented hy any aiaoimt 
of spi^ayiny. 

As a ^rencral rule, the 
tini4i t-o sprty for the 
eo'ntrol of ])eMK on 
cltrns trees is when tiiey 
lire pr^SK^it ui such num- 
bers that if loft to re- 
produce without artifi- 
eiJil hiudrauce Uiej 
Would soon he come 
injurious. The pests 
should not lie allowed 
to increase to a. i)oijit 
where they attrnct no- 
ticeable jit tent ion, as ia.i 
figure 20. In case the 
Vi^riouS of citrus 

tr«ei trt permitted U) 
become so abundant as 
tif) cause dnuui;ro. the 
profits; which uiight be 
deiriip'od fviim JM'tificial 
tra^tui«Tit; iucJi ai 
sprijiitig, nije to a cer- 
tain extent lost. 

S])ecifically, then, 
wduit should guide the 
citrus grower in de- 
ciding just when spray- 
ing should be done or if it ijhould be done at «J1? The difli- 
(lulty in answering this (juestiou arises from Umb fnct thnt the 
extent of the future infestation of any pest is fio influenced by 
weather conditions and natural enemies that it is impossible to make 
predictions ai)i)roxinuiting any degree of Heenritcy. A. ftsw sugges- 
tions are given here to help the intelligent grower to handle tJiis 
wxo^i diflicult of all problems. 




Vu;. -An oriinj;<» Inif lu-iivMy inf(•^t^d with tlu* 

ritriis wliltr fly. Tlion* iiro ovrr SOO pupa- .'IihI pupn 
OMp^ on tiiJ« tifif. Th% wtilU' fly nhoulil n@v«,r b« 
permit t<'<1 to I) coo mo as abniuUmt ai? here sliown. 
(Morrill HiHl r.nck.) 
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Six-spotted mite. — In the control of the slx-spottod mite si)r:iyinj^ 
shouhl be done in March, April, or May, if one or two trees arc badly 
infestp<i or if innnrj %vms «re slightly infested. Thi.s pdst spreads 
most rapidly in the dry sprin*^ months, and comi)lete defoliation 
often follows whde the grower is contemplating sprayin<j;. After 
the rainy ?i«ASoii sets in trouble is mrely exptri^ieeri wilh this si>eci(jR. 

Rust mite. — The nisi mite causes blemishes on the fruit known as 
russeting, tearstain (fig. 21), and sharkskin or a silver scurf. Being 
of smsill si^Cj it often reikches inaximuui infesstntion beforo the 
grow«rg know of lUi presence. The first intimation of its presence 



the young fruit. If (he fruit is about U inches in diameter and a few 
fruits p(»r tree h)ok a little brownislu the time is short before spray- 
ing sh(nild be at«rt^»d to get bright fruit. Tf in aither April, May, 
or June, from 100 to 200 mites are on each fruit, spraying .should be 
done within the ne.xt two weeks. At other times a greater number 
could be i)re9iMit without russeting Uie fruit. 

Scale insects.~For s(»ales spraying should be done before any of 
the Tnubs or branches are killed or any of the leaves have turned 
yolhnf. Treatment on $ill the trees should be given bef?)re the centrr 
is killed out. 

White flies. — The object in spraying for white flies is to kee|) the 
mwtr iriold (figs. 2i and 28) from both tht l<^av«s and fruit. When 
each leaf has an average of from G to 10 pupa> in the spring, sjiray- 
ing shoidd by all means be given in May. Unless the grower has 




I'lU. — Kitst inlto tcHtistHiii on griiiM*frult. 



is evidenced 1)\' the 
"rnssef fruit, and 
ihen it is too late to 
remedy the damage. 
The grower should 
provide himself with 
a hand lens to enable 
him to this serious 
pest. Tf there arc 
about 50 mites on 
each of the <^ld l<i#m« 
in the spring, spray- 
should be done 
within the next few 
days. Another rule 
to follow is to spra}^ 
when the mitf^s are 
abundant on the 
folia<je and just be- 
gin nhig to ajipeur on 
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acquired cousidorahlc jii(lij;ineiit as to when spraying fihonld ht done, 
it might be uell to follow some sncli scheme as here given. 

SPRAYING SCHEDULE RECOMMENDED. 

The following spraying scheme has l>eon nsod extensively for sev- 
eral years and generally has given satisfactoi-y results. No hard 
iind ftM :^iwn4CJin given, however, nud the number of sprayings 
depends to a large ex- 
tent on tlie thoroiigh- 
ftum of tlie WQrk m\A 
the al>nnd«nce of tfie 
l)osts. 

/. — Paraffin - oil 
( )}i }tls'H}}iti : G ovevn- 
ment forntida^ J per 
cenJ of oil — May: 
The nniin object of 
spraying at this time 
is to kill white Hios, 
scale inset!ts, and to 
a largo extent rust 
mite€, although this 
treatment nnist not 
be relied npon to con- 
trol the last pest. 
The spraying shoidil 
be given after the 
Jidnlts of the first 
brood of white flies 
have (1 isa ppea red 
and before ih€ ap- 
pearance of those of 
the second brood (see 
fig. 2-4). The frnit 
shoidd be an inch 
or more in diam- 
eter. Thi^ trotiftnfMit 
should be given before the begiiuiing of the rainy season, so 
that the entoniogenoiis fnngi will attack those insects not killed 
by the *!pray. Sod?i-snlphnr 1 gallon to 50 or 14 ponnds of 
the dry form nniy be added to the oil-emnlsion spray. This com- 
bination will be much more ollective against rnst mites than the 
oil^ftmultion silone and will insnre Uie fruit from rnst-mite injnry 
nntil Uie regidsr spriying for rnst niiti^ is given with lim#-sulphur. 




I'm. Oll ciiiiifslon .s|)r.-iy.» cium* the sooty iiioM fonow- 

in^ wlifti'tly ;itt:U'k to hmik fnll from ttio foff.ifxc 

:)tul I»t:nuin's. A slroii-^ Ino«»/.c or honvy rnln Ivvo or 
i\\\m* (1*1 yn ajftw ivmt^ Iii*¥« hPt*\\ «ftniyff[ iii»imny wilt 
takt* ott nil or iKMiiy all m^i^ mold horn the trtit 
(MorrfU Mild nack.) 
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^. Lirtie-sulphnr J^ohiHon^ 32^ IJaumc\ J~oO to I -To (jallons of 
water — Aprils ^^^^j 'funr^ to Jidy: The main object of this treat- 
ment is to kill rlist mite.s, thereby eliminating such bleuiislifie as rns- 
setin*^, tcnrstain, niul sharkskin, or silver scurf, and the best time 
for its application vjhmcs with the appcnrnnce of the uiaximum nnm- 
l)er of v\M mites. It slioiild be applied before the mites get very 
abnndtnt and Fxifore ruf^«^ng «.ppe*n'S. In Uie more sonUiern scc- 




l'*i<:. 'S.\, — Monv.v roiitltiv^ of sooty iimld on oriiiitfrs aiul ;;rii|M>fniit provciit tlio frnit frniii 
coluilii;; normnn.v. TIh* rind n ninhis I'n'cn hrncnth the layers of sonty* mold. Sprnylii|r 
with oH <>mnlif>luui bmiks up tiir sooty mold as lUustrMtcd, thus i^lvlti;; tlic sun n chance 
to color Hi? fruit. 



tioii.s it may be noces:&ary to apply this spru}' in A|)ril. This \^ espo- 
cially true if sharkskin on the p*apefrnit has been prevalent. About 
the middle of June, however, is usually the most opportune time to 
spray oran;^es. This treatment will iJso kill some settles and white 
flies, but is of little value for ibat purpose. 

3, — Paraffin-oil eynuhions: flovermnent formula^ 1 per cent of oil — 
Auff^-^ k> OoiBher SI: Tkis k tha »<K>oad s^praying for Uie whiie 
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fly and scale insects. The object of spraying at this time is to 
kill all the white-fly larv89 which are the progeny of the third and 
last brood. It is this brood which causes nearly all the damage from 
the white flies, and the earlier they are killed the better it is for the 
tree. This will also remove the sooty mold from the leaves (fig. 22) 
and from the fruit (fig. 23) so that the sun can color the fruit. Soda- 
sulphur 1-50, or 2 pounds of the dry form, may be added to this 
spray to increase its effectiveness in killing rust mites. 

4. — Lime-sulphur solution, S^"" Baume, 1-50 to 1-75 gallons of 
toater — November or December: The object of this spraying is to kill 
rust mites, and it may or may not be necessary, depending on the 
abundance of the mites. 

It may be necessary to spray for rust mites and red spiders before 
No. 1 is given. This is especially true for grapefruit in the more 
southern counties of Florida. If such a spraying is given, it 
should be in the midst of the blossoming period, using lime-sulphur 
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Fig. 24. — Diagram showing relative abundance of adults of the cloudy-winged white fly 
(solid line) and of the citrus- white fly (dotted line) throughout the year 1909, at 
Orlando, Fla. (Morrill and Back.) 



1-40, which will kill rust mites, red spiders, and young scales. 
It is advisable to add nicotine sulphate 1-1,200 if thrips are abun- 
dant. It may also be necessary to spray three times with the oil 
sprays, in which case this treatment can be given in midsummer 
or in winter. If the red scale is very abundant, two sprayings with 
the oil emulsions, used at double strength, should be given at inter- 
vals of about six weeks. 

On nursery trees one application of emulsion used at three times 
'the regular strength will control this pest. 

THE EFFECT OF INSECTICIDES ON PESTS. 

The fish-oil soap and the oil sprays kill the insects by asphyxiating 
them. The oil sprays kill the adults, eggs, larvse, and pupse of the 
white flies. It is not difficult to determine whether the larvae and 
pupse of the white flies have been killed, for they turn brownish 
3 to 10 days after the spray has been applied (fig. 25) and may be 
brushed easily from the leaf. A month or more afterwards those 
which have been killed are quite brown and somewhat dried up. In 
many cases the eggs of the white flies never hatch, while in other 



38 



Farmers' Bulletin 933. 



instances the young larvae are killed by the oil immediately after 
they emerge from the shells. Thousands of such larvae have been 
observed adjoining the eggshells from which they have emerged. 

The oil sprays kill all stages of the purple scale, and in many cases 
all the eggs of some females are prevented from hatching In other 
cases the oil enters the opening in the rear of the scale covering and 
prevents a row or two of eggs nearest the opening from hatching. 
In the natural course of events the eggs nearest the opening hatch 
first, since they were deposited first. This gives those young scales 
that hatch from eggs farther from the opening plenty of opportunity 
to emerge. When the first row or two of eggs is prevented from 
hatching, the exit is stopped. This prevents those young scales from 
emerging that hatch from eggs not affected by the oil film. Thus 
almost complete mortality results. 

' The oil spray used at a strength of 2 per cent kills the young 
stages of the red scale and in most cases the adult females, but the 
scale covering is fastened so closely to the leaf or fruit that the eggs 
are seldom harmed. A second spraying must be given after these 
hatch and develop into the young stages. 

The sulphur sprays are extremely effective in killing rust mites. 
The action is rapid, the bodies of the mites being largely destroyed 
by the caustic nature of the spray. When on the fruit a few are 
washed to where the drop of spray collects, and there their dried 
bodies may be seen after the spray has evaporated. The eggs also 
are killed if the spray is used at the recommended dilutions. 

The sulphur sprays are very effective also in killing the purple 
and six-spotted mites. The killing action is rapid, but the bodies 
are not completely destroyed by the caustic nature of the spray as 
is the case with rust mites. The spray does not prevent the eggs 
from hatching, but the presence of the spray usually kills the young 
mite as soon as it emerges from its eggshell. Thousands of newly 
hatched dead mites have been observed near the eggshell from which 
they had just emerged. While the oil sprays usually prevent an egg 
from hatching, the sulphur sprays more often kill the young 
" crawler " as soon as it hatches. 

DUSTING FOR MITES. 

All mites are extremely sensitive to sulphur in any form. When 
the six-spotted mites come in contact with fine sulphur they become 
exceedingly active at first, run about in a wild and aimless manner, 
gradually become quiet, and finally die. The purple mite is also 
quickly killed by sulphur. When sulphur comes near rust mites 
death is instantaneous. 

For dusting purposes both flour and flowers of sulphur may 
be used. These are highly satisfactory used either alone or mixed 
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with hydra tod lime in the proportion of 1)0 per cent sulphur 
and 10 of lime. Tho^c materials are applied by means of a 
dustin«r mtchin*' ind dti^fig lany be done in the iajtiint* whan 
(he f<)lia«;je is dry. One applieH-Lion will kill all mit<»s f)roseiit 

on the trees; and if ^not 

wrtshed ofT by r*ins will 
remain lou<^ enoujjjh on the 
leaves to kill the youu<r 
nutes ns they hatch from 
the e«rg?>. II rains rome 
within three or four diiy^^ 
aftei* dustin*^, it will lie 
fiit^^nry to du^ft- ag?iin at 
once. 




SPRAY INJURIES. 

Tudor a vera «jjo condi- 
tions of temperature and 
moisture lha oil sprays 
will not cause any notice- 
able injury to either the 
folijiirc or the fruit". New 
(growth often starts in n 
few days after the killiu<r 
of the insects. A large per- 
ceuta«re of old leaves, now 
functiouless, fall about the 
fihird day following thi* «p- 
pllcatiou of an oil spray. 
Ciood leaves wry seldom 
fall. Tn the txp^Timeufe^ 2 
per cent of oil, or twice as 
much as retpnred, has been 
nsi-d e.xteusiv^l? without 
causiu<r normal leaves to 
fall prematurely. In snudl 
teffe t por cent of oil rn 
the diluted spray material 
caused no damage. Xo in- 
jnry fr)Ilows s^jirnyiiig t*ither before or during » mitij and rwittner does 
humidity appear to be a factor in causiu*^ injury. When the oil 
ouudsious are used, whether nuulo of kerosene or heavy lubricating 
oil of B*uai4, shadows iio#i#Liifi^ apptA^r oai Mie frnit. These 
shallows usually follow spriiying during hot, bright d«ys when the 



Kit;. l»f».— -Piiim* of th«* cKnili wIiU* (ly. Wlimi Uv- 
ln;r tin* \m\r.v iin* soon with difllciiUy. Iiiit aftor 
tlioy liaw bOiM) kUhHl. In tin* UUiNtrntloii. ttiry 
lurii lin>\vii Mild n)it.> cnii Uion (*aslly see Ixnv Uiiu 
nnU scal^llkv Ihc^* r^Uy nra. (MorrlU miU Uack.) 
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temperature is above 91° or 92° F. As the temperature is very high, 
the heat evaporates the water in the spray material before it has 
had time to run off. This concentrates the oil in one spot and causes 
a slight damage to the stomata, resulting in a darker shade of green 
than the surrounding area. These dark-green shadows disappear 
not later than a week or two after the fruit has colored in the fall, 
and it is impossible to locate the previous discolorations if these 
have not been marked. Sometimes the damage is limited to the spot 
where the drop of spray has collected. The only way to avoid such 
damage would be to cease spraying when the temperature rose above 
92° F. This injury occurs only occasionally. 

The application of the oil sprays two or three times a year at 
the recommended strength has never been known to cause devitali- 
zation of the trees. If an excessive amount of spray is used the nor- 
mal growth of the leaves is interrupted. They do not reach the 
proper size, become thin, and the tree has the appearance of being 
stunted. The fruit also is small, does not color up properly or at the 
proper time, and is sour when other fruit is sweet. Such a condition 
only follows the application of from three to six times as much oil 
as the worst infestation of white flies and scale insects requires. Two 
applications within one month of a 2 per cent solution in 1916 did 
no noticeable damage to either the tree or the fruit. 

Soda-sulphur solution very seldom, if ever, causes any damage to 
the trees or fruit. No accumulated ill effects have been known to 
follow the use of this spray. This noninjuriousness is no doubt due 
to its lack of stability, since it is easily washed off by rains and dissi- 
pated by dews. 

Lime-sulphur solution, dry lime-sulphur, and barium tetrasulphid 
do not cause damage at the recommended dilutions undei^ average 
conditions. When the temperature is 92° F. and the sun is bright, 
injury to the fruit sometimes follows. In all the experimental work 
such injury followed on only one occasion. The injury is always 
located on the side of the fruit turned to the sun at the particular time 
of day when the spraying was done. The exact cause of this type of 
injury is not yet fully understood, but it is very certain that it should 
not be considered as being due to the insecticide alone, but to the 
combined action of the sun and the insecticide. When the injury is 
caused by the insecticide alone, the blemish will be found at the place 
where the drop of spray collects on the lower surface of each fruit. 

Instead of injuring citrus trees, lime-sulphur solution has a stimu- 
lating effect. The leaves become a darker green and the fruit reaches 
a larger size. Fruit has been known to ripen at least three weeks to 
a month earlier than other fruit of the same kind in an adjoining 
row. The exact cause of this is not known, but the spray evidently 
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has some direct action on the leaves. Careful experiments have 
shown that there is no known spray so beneficial to citrus trees as is 
lime-sulphur solution. 

COST OF SPRAYING. 

The cost of spraying (Table 1) necessarily varies and depends upon 
the size of the trees, the density of the foliage, the equipment used, 
and the nearness of the grove to the water supply. Accurate esti- 
mates of the probable cost can be computed only after all these fac- 
tors have been taken into consideration. Nursery trees can be sprayed 
for one-sixth of a cent each, while the largest trees will cost as much 
as 10 cents. Trees with dense foliage require much more insecticide 
and a longer time to spray than those with sparse foliage, even 
though the latter may be much larger trees. If the spraying is done 
with a barrel pump the cost will be somewhat greater than if done 
with a power outfit. The item of labor will be not far from 75 per 
cent of the total cost. If the water supply is in the grove or very 
close, the cost will be considerably less than if it is some distance 
away. A water supply a greater distance away than half a mile is 
not practicable, because it would require two extra teams to supply 
one machine. This would increase the cost about 1| cents per tree. 

In computing the cost of spraying the depreciation of machinery 
should always be included. Many inquiries were sent to citrus grow- 
ers for information on this point. Some estimated the depreciation 
to be as great as 25 per cent. One grower thought it would be as low 
as 10 per cent, but it was the opinion of the majority that from 15 to 
20 per cent would be more consistent. This appeals to the writer as 
the proper estimate to be placed upon this phase of the cost of spray- 
ing. The percentage of depreciation will depend almost entirely 
upon the care that is given the machine. The length of time a ma- 
chine will be serviceable depends much more upon the care it receives 
than upon the amount of work it does. 

The writer has obtained from many growers the actual cost figures 
for spraying done on a commercial basis under the average grove 
conditions prevailing in Florida. These will assist any grower con- 
templating a spraying program in arriving at an accurate estimate 
of the probable cost. These statements include the depreciation of 
machinery as well as cost of labor, team hire, insecticides, and inci- 
dentals, but naturally can not be construed to apply to such unusual 
conditions as those bearing on a local shortage in chemicals due to 
unprecedented freight congestion, or to a deficiency in the supply of 
the chemicals in the United States generally. 
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Table 1.— Cos* of spraying. 



Grove 
No. 



Num- 
ber of 
boxes 
of fruit, 
per tree. 



Acres. 



10 
260 



10 
260 
300 



40 
550 
35 



Num- 
ber 
of 
trees. 



450 
4,316 
1,239 
300 
650 



6,367 
650 



1,000 



60 
120 
20 



1,909 
1,800 



6,360 
1,600 
2, 125 
1,343 



400 
778 
778 
500 



Appli- 
cations 
per 
year. 



0.0267 
.050 
.056 
.0438 



Cost. 



Per 
box. 



.06 
.06 



.05 



.05 
.06 



Per 
tree. 



0.50 
.097 
.109 
.66 



$30.00 



. 21 i 
.21^- 



.29 



.08 

.083 

.16 

.20 

.06 

.08 

.78 

.15 

.76 

.194 

.20 



Per 
acre. 



Distribution of cost. 



Insec- 
ticides. 



P. ct. 



11.00 



14.00 



3.00 



Labor. 



Team 



P. ct 



29.4 
28 



35 



36 
55 
36 
65 



68 
64 
73 
35 



P.ct. 



13 



Inci- 
den- 
tals. 



P. ct. 



4.5 
11 



7 
11 



Remarks. 



Hand pump. 

1914 pump. 

1915 pump. 



The figures of Table 1 show that it will cost from $3 to $5.50 per 
acre per application to spray the average bearing grove. The cost 
per box is also seen to be from 1 to 1| cents for each application and 
the cost per tree from 5 to 10 cents. To carry out any annual spray- 
ing schedule it will cost about 6 cents per box, 20 cents per tree, 
and about $15 per acre. The cost of spraying young trees is very 
small. One nurseryman sprayed 40,000 trees with the oil spray for 
less than one-sixth of a cent each. Young grove trees from 1 to 3 
years old can be sprayed for about 1 cent each. 

PROFITS FROM SPRAYING. 

After many years of work it is still impossible to express the per- 
centage of profits to be expected on money expended in spraying for 
the control of citrus pests. This same condition, however, applies 
to every grove operation in Florida. The profits which may arise 
from following a spraying schedule are due to the raising of the 
grade of the fruit and increasing the yield by preventing the devitali- 
zation of the trees following insect attack. (Compare figs. 26 and 
27.) A detailed statement of the profits a grower should expect from 
spraying has been published in Department Bulletin 645, "Some 
Eeasons for Spraying Citrus Trees in Florida," and the reader is 

i»This may be obtained from the Superintendent of Documents, Government Printing 
Office, Washington, D. C, for 5 cents (postage stamps not accepted). 
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rofcMTcd to that i)iil)rK*!ition for tiie couii)l«!tie disc-tissiou of this ph«se 
of the S|)rayiiig ([iiestioii. 

In that bulletin it wius ghovvn that in 1915-16 citim cv^p i\mr% 
w«.s loss of over $000,000 dm to the loworin^ of fctie grudo^ft of tlie 




I 



1 




0^: 



Ku;. 1:1). — jA iiil«c*«lliiiiaii)iiy lol of fruit plrkwl from w^m ^unymX to kill rimt iiiih's. 
Oiiiy It) fruit-R could !m' pHclu'tl In tlu* trny. (*oinpar(* fruU^ shown In Hgurc 27. 

fruit, caused hy pests, which conid haw heen |)reventcd very easily. 
Thii reduction in sixu cjiirml in additional \om of $475,000, and Hie 
rediichon in yi®ld caiiiso*] ^ loss of $TGO,00{), making n. total of 




Wiwi. Ul. — A iiiiai#eil«iicous lol of orwii^c** from nu*prMyv^l tr»?^S adjolniiiji; sprayed oii^si. 
fNjtt timt thm* tS frnlts t;ikn up Oie ftaino »pn<v «jt iii# 1» f nil Is from sprnywl LroCH 
shown in fl^yiiro £6. f^prnyinpr Incronsos tho sizo of tlio fruit. 

$1,744.0.")"), practically all of which could have been prevcMited easily 
at a nominal cost. To spray this cro[) at G cents per box would have 
cost $150,000, lifting m profit of $1,288,055,, or 26-2.7 per cant profit 
on Uie iuv^tmaut. 



44 



Farmers' Bulletin 933, 



In addition to these profits there are benefits that can not be 
expressed in a money unit. The better the fruit the ' greater its 
marketability. High-grade fruit can be sold when the owner desires 
to sell it; the lower grades can be sold wHeii the buyers want it, or 
when the market calls for the lower grades. Many growers consider 
this a most important item. There is much satisfaction in growing 
fine fruit and owning healthy trees. This makes orange growing 
fascinating. 
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